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© Reinforced multiple-lumen catheter. 



® A dual-lumen catheter (10) comprises an elon- 
gated cylindrical tube (11) made of silicone and 
having an internal septum (12) extending along the 
length thereof to form a pair of longitudinal lumens 
(13,14). A hollow conical tip (15) Is formed on the 
distal end of the tube (11) with the outside surface of 
the conical tip (15) merging smoothly with the out- 
side surface of the tube (11), and the inside surface 
of the conical tip (15) merging smoothly with the 
^ inside surface of one of the lumens (13,14). 
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The distal end of the other lumen is longitudi- 
nally spaced from the distal end of the tip (15). A 
reinforcing member is located inside the tube and 
extends along the length of the tube. The reinforcing 
member is made of a material which is substantially 
stiffer than the material of the tube (11) so that the 
catheter can be advanced against a resistance by 
the applications of force to the proximal end of the 
catheter (10). 
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Field Of The Invention 

The present invention relates generally to 
multiple-lumen catheters for use in medical ap- 
plications such as hemodialysis where fluids must 
flow simultaneously to and from a patient. This 
invention relates particularly to such catheters 
which are intended to remain inserted In patients 
for prolonged periods of treatment, such as a 
month or more. 

Background Of The Invention 

Dual-lumen catheters have come into wide- 
spread use for extracorporeal blood purification 
procedures such as hemodialysis. Blood is with- 
drawn from the patient through one of the lumens 
of the catheter and supplied to a hemodialysis unit 
where the blood is purified, and the resulting puri- 
fied blood is then returned to the patient through 
the other lumen of the catheter. Examples of such 
catheters are shown in U.S. Patents 4,134,402; 
4,583,968: 4,568,329 and 4.692,141. 

At the present time most dual-lumen catheters 
used for hemodialysis are made of either polyure- 
thane or silicone rubber. The polyurethane cath- 
eters are sufficiently rigid that they can be intro- 
duced into a patient's vein percutaneously, without 
surgery, but such catheters tend to be incompatible 
with by the human body when left in place for long 
periods of time (e.g., a month or more). The sili- 
cone catheters can be left in place indefinitely 
without allergic reactions or traumatic problems in 
most patients, but the initial insertion of such cath- 
eters usually requires surgical intervention; the soft, 
pliable, elastic properties of the silicone which con- 
tribute to its compatibility with the human body are 
the same properties that make it difficult or impos- 
sible to insert such catheters percutaneously into a 
patient's vein. 

Summary Of The Invention 

It is a primary object of this Invention to pro- 
vide an improved multiple-lumen catheter which 
can be made of silicone or other relatively soft, 
elastic materials which are unlikely to be rejected 
by the body, and thus can be used for long-term 
applications, and yet can be inserted into a patient 
without surgery. 

It is another important object of this invention 
to provide an improved multiple-lumen catheter 
which can be made of silicone, and yet can be 
inserted with the use of a needle, guide wire and 
peel-apart sheath. I.e., without surgical intervention. 

A further object of this invention is to provide 
an improved multiple-lumen catheter which can be 
adapted for long-term use in femoral veins with 



little or no danger of infection. In this connection, a 
related object of the invention is to provide such an 
Improved catheter which pennits the access site 
for the catheter to be located above the thighs of 
5 the patient. 

Yet another object of this Invention is to pro- 
vide an improved method of implanting a multiple- 
lumen catheter in a femoral vein. 

A still further object of the invention is to pro- 
10 vide an improved multiple lumen catheter which 
resists kinking, even when bent at angles of less 
than 90*. 

In accordance with the present invention, the 
foregoing objectives are realized by providing a 

15 multiple-lumen catheter comprising an elongated 
cylindrical tube made of a soft elastic material and 
having an internal septum extending along the 
length thereof to form a pair of longitudinal lumens: 
and a reinforcing member extending along the full 

20 length of at least one of the lumens for transmitting 
forces applied to the proximal end of the tube to 
the distal end of the tube. In a preferred embodi- 
ment, the reinforcing member is embedded in the 
septum and is made of a material which is substan- 

25 tially stiffer than the material of the tube so that the 
catheter can be advanced against a resistance by 
the application of force to the proximal end of the 
catheter. The reinforcing member also avoids de- 
formation and/or collapse of one or more of the 

30 lumens when a pressure gradient exists across the 
septum. 

This Invention also provides a method of in- 
troducing a dual-lumen catheter into a femoral vein 
of a patient for long-term use, the method comprls- 

35 ing the steps of making a cutaneous tunnel on the 
abdomen of the patient, beginning above the in- 
guinal ligament and extending downwardly to a 
point on the thigh that is proximate the femoral 
vein; passing a dual-lumen catheter downwardly 

40 through the tunnel; and then bending the catheter 
and inserting it upwardly into the femoral vein, in 
the direction of blood flow within the vein, the 
catheter being bent in a generally U-shaped con- 
figuration between the lower end of the tunnel and 

45 the point of access to the femoral vein, the U-bend 
being reinforced by a spiral winding of reinforcing 
material. 

In a modified embodiment of the invention, the 
cylindrical tube has a pair of orthogonal flat internal 

50 dividers extending along the interior of the tube for 
dividing the interior into three lumens extending 
along the length of the tube, one of the lumens 
having a D-shaped transverse cross section. The 
orthogonal dividers form a T-shaped septum which 

55 resists kinking of the catheter along orthogonal 
transverse planes. 
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Brief Description Of The Drawings 

Other objects and advantages of the invention 
will become apparent upon reading the following 
detailed description and upon reference to the ac- s 
companying drawings, in which: 

FIG. 1 is a perspective view of a dual-lumen 
hemodialysis catheter assembly embodying the 
present invention; 

FIG. 2 Is an enlarged longitudinal section taken io 
along a diameter of the distal portion of the 
catheter of FIG. 1, perpendicular to the septum 
Inside the catheter, as generally illustrated by 
line 2-2 in FIG. 1; 

FIG. 3 is an end elevation taken at the distal end ;5 
of the catheter portion shown in FIG. 2, as 
illustrated by line 3-3 in FIG. 2; 
FIG. 4 Is a section taken generally along line 4-4 
in FIG. 2; 

FIG. 5 is a section taken generally along line 5-5 20 
in FIG. 2; 

FIG. 6 is a section taken generally along line 6-6 
in FIG. 2; 

FIG. 7 is an enlarged horizontal section taken 
through the center of the y-shaped hub of the 25 
catheter of FIG. 1; 

FIG. 8 is a section taken generally along line 8-8 
in FIG. 7; 

FIG. 9 is a section taken generally along line 9-9 
in FIG. 7; 30 
FIG. 10 is a section taken generally along line 
10-10 in RG. 7; 

FIG. 11 is a fragmentary longitudinal section 
through the main body portion of a dual lumen 
catheter, normal to the septum, containing a 35 
modified reinforcing member; 
FIG. 12 is a section taken generally along line 
12-12 in FIG. 11; 

FIG. 13 is a perspective view of a modified dual- 
lumen hemodialysis catheter assembly embody- 4o 
ing the invention: 

FIG. 14 is an enlarged longitudinal section taken 

generally along line 14-14 in FIG. 13; 

FIG. 15 is an end elevation taken at the distal 

end of the catheter portion shown in FIG. 14. as 45 

illustrated by line 15-15 in FIG. 14; 

FIG. 16 is a section taken generally along line 

16- 16 in FIG. 14; 

FIG. 17 is a section taken generally along line 

17- 17 in FIG. 14; 50 
FIG. 18 is a section taken generally along line 

18- 18 in FIG. 14; 

FIG. 19 is a longitudinal section similar to FIG. 2 
but showing a modified embodiment of the In- 
vention; 55 
FIG. 20 is an end elevation taken at the distal 
end of the catheter portion shown in FIG. 19, as 
illustrated by line 20-20 in FIG. 19; 



FIG. 21 is a section taken generally along line 

21- 21 in FIG. 19: 

FIG. 22 Is a section taken generally along line 

22- 22 in FIG. 19; 

FIG. 23 is a section taken generally along line 

23- 23 in FIG. 19; 

FIG. 24 is a longitudinal section similar to FIG. 2 
but showing another modified embodiment of 
the invention; 

FIG. 25 is an end elevation taken at the distal 
end of the catheter portion shown in FIG. 24, as 
illustrated by line 25-25 in FIG, 24; 
FIG. 26 is a section taken generally along line 

26- 26 in FIG. 24; 

FIG. 27 is a section taken generally along line 

27- 27 in FIG. 24; 

FIG. 28 is a section taken generally along line 

28- 28 in FIG. 24; 

FIG. 29 is a longitudinal section similar to FIG. 2 
but showing a further modified embodiment of 
the Invention: 

FIG. 30 is an end elevation taken at the distal 
end of the catheter portion shown in FIG. 29, as 
illustrated by line 30-30 in FIG. 29; 
FIG. 31 is a section taken generally along line 

31- 31 in FIG. 29; 

FIG. 32 is a section taken generally along line 

32- 32 in FIG. 29; 

FIG. 33 is a section taken generally along line 

33- 33 in FIG. 29; 

FIG. 34 is a front elevation of the abdominal 
portion of a patient having the catheter of FIG, 1 
implanted in a femoral vein via a subcutaneous 
tunnel; 

FIG. 35 is an enlarged section illustrating the 
cutaneous tunnel In the patient of FIG. 34 with a 
guide-wire, catheter and peel-apart sheath in- 
serted therethrough; 

FIG. 36 is an enlarged section Illustrating a 
catheter extending through the cutaneous tun- 
nel, and then through a second peel-apart 
sheath extending Into the femoral vein, In the 
patient of FIG. 34; 

FIG. 37 is an enlarged section illustrating the 
catheter implanted in the femoral vein of the 
patient of FIG. 34; 

FIG. 38 is a perspective view of a triple-lumen 
hemodialysis catheter assembly embodying the 
present Invention; 

FIG. 39 Is an enlarged longitudinal section taken 

generally along line 39-39 in FIG. 38; 

FIG. 40 is an enlarged longitudinal section taken 

generally along line 40-40 in FIG. 39; 

FIG. 41 is an end elevation taken at the distal 

end of the catheter portion shown in FIG. 39 as 

illustrated by line 41-41 in FIG. 39; 

FIG. 42 is a section taken generally along line 

42-42 in FIG. 39; 
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FIG. 43 is a section taken generally along line 

43- 43 in FIG. 39; and 

FIG. 44 Is a section taken generally along line 

44- 44 in FIG. 39. 

While the Invention Is susceptible to various 
modifications and alternative forms, specific em- 
bodiments thereof have been shown by way of 
example in the drawings and will herein be de- 
scribed in detail. It should be understood, however, 
that It is not intended to limit the invention to the 
particular forms disclosed, but on the contrary, the 
intention is to cover all modifications, equivalents, 
and alternatives falling within the spirit and scope 
of the invention as defined by the appended 
claims. 

Description Of The Preferred Embodtoents 

Turning now to the drawings and referring first 
to FIGS. 1-6, there is shown a dual-lumen 
hemodialysis catheter 10 of the general type de- 
scribed in Mahurkar U.S. Patent No. 4,583.968. 
issued April 22, 1986, for "Smooth Bore Double 
Lumen Catheter". This catheter 10 has a cylindrical 
body portion 1 1 made of silicone. The body portion 
1 1 is hollow except for a flat, longitudinal, diametral 
septum 12 which divides the interior of the hollow 
cylinder Into two parallel lumens 13 and 14, each 
having a D-shaped cross section (FIGS. 2 and 6), 
As illustrated by the arrows In FIG. 2, the lumen 13 
is the blood-intake lumen, and the lumen 14 is the 
blood-return lumen. 

At the distal end of the catheter, the exterior 
surface of the cylinder 11 merges Into a smoothly 
tapered conical tip 15. On the inside, the blood 
return lumen 14 extends longitudinally all the way 
through the tip 15, bending slightly as it passes 
through the tip so that it opens at 16 near the 
center of the distal end of the conical tip, as can be 
seen in FIGS. 2 and 3. Within the tip 15. the cross- 
sectional shape of the lumen 14 gradually changes 
from D-shaped at the proximal end of the tip 15 
(see FIG. 4) to circular at the distal end of the tip 
(see FIG. 3). The transition from D to circular Is 
illustrated by the broken lines in FIG. 3. 

In addition to the opening 16 at the distal end 
of the blood-return lumen 14, a pair of apertures 17 
and 18 are formed in the side wall of the return 
lumen. These apertures 17 and 18, which are 
spaced longitudinally away from the distal opening 
16 toward the proximal end of the catheter, ensure 
the flow of blood through the return lumen 14 even 
in situations where the distal opening 16 might 
become wholly or partially blocked. The area of the 
apertures 16. 17 and 18 is preferably at least equal 
to the transverse cross-sectional area of the return 
lumen 14. 



In order to provide a longitudinal spacing be- 
tween the distal openings of the two lumens 13 and 
14, the blood-intake lumen 13 is terminated at an 
opening 21 In the side wall of the catheter. Addi- 
6 tional openings 22-24 spaced longitudinally from 
the opening 21 permit blood to enter the lumen 13 
freely without excessive vacuum in the event of a 
blockage of the opening 21 against the wall of the 
vein Into which the catheter 10 is inserted. 
10 At the proximal end of the catheter 10, the two 
D-shaped lumens 13 and 14 open into a Y-shaped 
connector or hub 30 which forms two internal pas- 
sageways 31 and 32 (see FIGS. 7-10) communicat- 
ing with the proximal ends of the catheter lumens. 
75 As can be seen in FIGS. 7 and 9, the distal ends of 
the hub passageways 31 and 32 are D-shaped so 
that they form extensions of the catheter lumens 13 
and 14. respectively. The passageways 31 and 32 
diverge from each other and assume a circular 

20 cross section (see FIG. 10) as they extend toward 
the proximal end of the hub. and they also increase 
in cross-sectional area, as can be seen in FIGS. 7 
and 10. The hub 30 is preferably molded In place 
on the end of the catheter, using mold inserts to 

25 form the hub passageways 31 and 32. Alternative- 
ly, the walls of the catheter lumens may be ex- 
panded at the proximal end of the catheter to fit 
over the corresponding portions of a preformed 
hub 30 with the inside walls of the catheter lumens 

30 being bonded to the mating walls of the hub 30. 

To facilitate connection of the catheter hub 30 
to the conventional tubes leading to a dialysis unit, 
and also to accommodate a pair of clamps for 
opening and closing the blood intake and return 

35 passageways the hub 30 forms a pair of extension 
tubes 40 and 41 (FIG. 1). These extension tubes 40 
and 41 are long enough to receive a pair of con- 
ventional clamps 42 and 43 for opening and clos- 
ing the respective tubes. The extension tubes 40 

40 and 41 are relatively soft and flexible, so that they 
can be easily manipulated and also easily closed 
by the pressure of the clamps 42 and 43. The 
clamps 42 and 43 serve as on-off valves for con- 
trolling the flow of blood between the catheter and 

45 the dialysis unit. At the proximal end of the hub 30, 
the hub passageways 31 and 32 open onto a pair 
of ferrules 44 and 45 formed as integral parts of 
luer connectors 46 and 47. The luer connectors 
serve as coupling means for coupling the proximal 

50 ends of the extension tubes to the flexible tubes 
leading to the extracorporeal blood treatment unit. 

In accordance with one aspect of the present 
invention, a reinforcing member is embedded in 
the septum 12 and extends along the full length of 

55 the intake lumen 13. The reinforcing member Is 
made of a material which is substantially stiffer 
than the silicone used to form the main body of the 
catheter, so that the catheter can be advanced 
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against a resistance by the application of force to 
the proxinnal end of the catheter. In the illustrative 
emt)odlment of FIGS. 1-6, the reinforcing member 
Is In the form of a flat polymeric strip 50 inserted 
longitudinally within a hollow septum 12. The width 
of the strip 50 is preferably slightly greater than the 
inside diameter of the silicone tube so that the strip 
extends slightly into the cylindrical walls of the 
tube. 

The reinforcing strip 50 is made of a material 
that is stiff enough to transmit longitudinally applied 
forces from the proximal end of the catheter to the 
conical tip at the distal end of the catheter so that 
the catheter can be readily inserted into a patient 
percutaneously, i.e., without surgical intervention. 
One suitable material for the reinforcing strip is 
nylon, which provides the requisite degree of stiff- 
ness in a strip 0.135 inch wide and 0.012 inch 
thick. 

With the reinforcing strip, a silicone catheter 
can be easily inserted through a peel-apart sheath. 
Such a sheath is typically used after a guide wire 
has been introduced into a patient's vein by use of 
an access needle. The puncture formed by the 
needle is subsequently dilated by a smooth plastic 
tip on the end of a dilator telescoped through the 
pull-apart sheath and inserted a short distance into 
the vein. The dilator is then removed, the catheter 
is inserted through the sheath, and finally the 
sheath is removed by stripping it apart along two 
longitudinal tear lines. 

Without the reinforcing member provided by 
this invention, attempts to insert a silicone catheter 
by the technique described above have usually 
resulted In radial expansion of the catheter at the 
entry to the sheath, due to the frictional resistance 
of the silicone surface engaging the inside wall of 
the sheath. Rather than causing the catheter to 
slide through the sheath, the applied insertion force 
resulted in expansion of the soft, elastic silicone 
material of the catheter body against the proximal 
end of the sheath, thereby preventing the catheter 
from sliding through the sheath. 

With the present invention, however, the inser- 
tion force applied to the proximal end of the cath- 
eter is transmitted by the reinforcing member to 
the tip of the catheter, thereby "pulling" the cath- 
eter through the sheath. That is, the relatively stiff 
reinforcing member provides the catheter with suffi- 
cient column strength for easy insertion through the 
sheath. Although presently available materials that 
have the stiffness needed In the reinforcing ma- 
terial are not suitable for long-term implantation in 
the human body because of Incompatibility prob- 
lems such as localized allergic reactions, the 
present invention enables the reinforcing material 
to be isolated from the body. Thus, in the embodi- 
ment of FIG. 1, for example, the nylon reinforcing 



material is surrounded by the silicone material of 
the hollow septum. Therefore, it is only the silicone 
material that comes into contact with Internal body 
tissues or fluids. 
5 In addition, the reinforcing member prevents 

collapse of one of the lumens due to the pressure 
differential that normally exists across the septum 
of a dual-lumen catheter while it is being used to 
withdraw blood under a negative pressure in one 
10 lumen and to return blood under a positive pres- 
sure in the other lumen. With a silicone catheter. It 
is possible for the septum and the outside wall of 
the negative-pressure lumen to collapse together, 
thereby closing that lumen. The reinforcing strip, 
75 however, provides sufficient rigidity to the septum 
to prevent such collapsing of the negative-pressure 
lumen. Even when the outer wall of the lumen Is 
not reinforced, the curvature of that wall normally 
prevents it from being collapsed against the sep- 
20 tum as long as the septum itself cannot be dis- 
torted substantially toward the outer wall. 

The preferred method of making the catheter 
of FIG. 1 is to extrude the main body portion of the 
catheter as a cylindrical tube having a hollow sep- 
25 tum dividing the interior of the tube into two D- 
shaped lumens and a central cavity for receiving 
the reinforcing strip 50 (see FIG. 6). The extruded 
tube can be cut into the desired lengths for individ- 
ual catheters. The strip 50 is then Inserted into the 
30 central cavity, and the tip 15 and the hub 30 are 
formed on opposite ends of the tube by conven- 
tional techniques. Alternatively, the dual-lumen tube 
can be co-extruded with a continuous reinforcing 
strip in the septum. 
35 In the particular embodiment illustrated in FIGs. 
1-6, the catheter tip 15 Is molded as a unitary part 
of the catheter tube. This is accomplished by plac- 
ing a tip mold around the distal end of the tube 
which forms the two D-shaped lumens, with the 
40 reinforcing strip in place and with mold inserts in 
place for forming the end of the intake lumen 13 
and the extension of the retum lumen 14 through 
the tip. As can be seen in FIGS. 2 and 4. the end 
portion of the reinforcing strip is preferably pro- 
45 vided with a plurality of holes 51, 52 and 53 so that 
during the molding of the tip the molten silicone 
flows through the holes in the reinforcing strip (the 
entire distal end portion of the tube within the tip- 
forming mold Is normally melted In this process). 
60 Then when the silicone is subsequently solidified, 
the reinforcing strip is locked firmly to the tip by 
the material that solidifies within the holes 51-53 of 
the strip. This Interlocking of the reinforcing strip 
and the silicone holds the reinforcing strip securely 
55 in place, and ensures that the strip does not pene- 
trate or separate through the relatively soft silicone 
tip during and after the insertion of the catheter. 
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At the proximal end of the catheter, the re- 
inforcing strip 50 is similarly interlocked with the 
silicone that forms the hub 30. Thus, as can be 
seen In FIGS. 7 and 9, the proximal end of the strip 
50 forms a hole 54 for receiving molten silicone 
during the in-situ molding of the hub 30. Then 
when the silicone solidifies, the strip 50 Is securely 
interlocked with the hub 30. 

To minimize kinking, the catheter of FIGS. 1-6 
has a spiral 70 of relatively stiff material embedded 
In the cylindrical wall of the catheter along a sub- 
stantial portion of the length of the catheter. The 
spiral 70 is preferably a thin metal wire wound 
helically around the extruded silicone tube, and 
then covered with a layer 71 of silicone so that the 
wire is not exposed to body tissue. The silicone is 
preferably applied as a liquid so that it flows ar- 
ound the spiral 70 and becomes a part of the 
silicone side walls of the catheter. If desired, a 
strong polymeric monofilament, e.g.. nylon, may be 
used instead of the metal wire. The spiral 70 will 
always tend to retain its cylindrical shape, and thus 
also tends to hold the outer wall of the catheter in a 
cylindrical shape, thereby resisting kinking of the 
catheter. Consequently, the catheter can be bent, 
even at acute angles, without kinking. The use of 
such anti-kinking spirals in catheters is not new by 
itself, but the use of this feature in multiple-lumen 
silicone catheters such as those of the present 
invention leads to significant advantages in certain 
applications, as will be described in more detail 
below. 

As shown in FIG. 1, a "Dacron" collar 75 is 
provided around the main body portion of the cath- 
eter to facilitate the growth of body tissues directly 
around the catheter where it enters the patient's 
body. The use of such a collar is well known in the 
catheter art. 

FIGS. 11 and 12 Illustrate a modified form of 
reinforcing member 80, which has a hollow D- 
shaped cross section, rather than the flat strip used 
In the embodiment of FIGS. 1-10. The D-shaped 
reinforcing member 80 Is dimensioned to fit snugly 
within the Intake lumen 13, with the distal end of 
the member 80 abutting the solid tip at the distal 
end of the lumen 13 (see FIG. 2). After the reinforc- 
ing member 80 has been inserted into the lumen 
13, a thin layer 81 of silicone is formed on the 
inside walls of the member 80, e.g.. by simply 
wicking a silicone liquid through the Interior of the 
member 80 by capillary action. 

If desired, the D-shaped reinforcing member 80 
may be inserted into the intake lumen 13 only 
during insertion of the catheter Into the patient. 
After the catheter Is Inserted, the reinforcing mem- 
ber 80 can be withdrawn from the catheter via the 
hub 30. 



FIGS. 13-18 illustrate a catheter like the cath- 
eter of FIGS. 1-10 except that there Is no reinforc- 
ing spiral around the outside wall of the catheter. 
This catheter is preferred for applications where 
6 kinking is not a problem, such as for implantation in 
the subclavian vein. The parts of the this catheter 
which are the same as those of the catheters of 
FIGS. 1-10 have been identified by the same refer- 
ence numerals in FIGS. 13-18. 

w FIGS. 19-33 Illustrate different configurations 
for the distal ends of catheters embodying this 
invention. Thus, the catheter of FIGS. 19-23 is 
made with a tapered conical tip 90 which is pre- 
molded and then inserted into the end of the ex- 

75 truded tube forming the two D-shaped lumens and 
the hollow septum. The reinforcing strip 50a in this 
embodiment is not apertured, but It extends slightly 
beyond the distal end of the cylindrical tube so as 
to fit into a mating slot fomied in the pre-molded 

20 tip 90. The tip 90 also forms a D-shaped extension 
91 which fits into the Intake lumen and extends up 
to the edge of the first sidewall aperture, so as to 
form the terminus of the intake lumen. A shorter, 
hollow extension or "flash" 92 fits Into the distal 

25 end of the return lumen, and Is tapered to provide 
a smooth transition between the lumen of the cylin- 
drical tube and the continuation of that lumen 
formed by the hollow tip. This pre-molded tip 90 is 
preferably made of silicone, and Is bonded to the 

30 interior wails of the extruded tube by a silicone 
adhesive. 

In the catheter of FIGS. 24-28. the intake lumen 
is terminated with an open end 100 by simply 
slicing off the distal portion of the lumen with a 

35 beveled cut. The return lumen continues all the 
way to the distal end of the tube, and retains the 
same D-shaped cross sectional configuration along 
its entire length. The reinforcing member 50b ter- 
minates In the region between the distal ends of 

40 the return lumen and the intake lumen, and the 
distal end portion of the hollow cavity formed by 
the septum is filled with a solid plug 101. 

In the catheter of FIGS. 29-33, the Intake lumen 
is terminated by an Insert 110 which fills the distal 

45 end portion of the Intake lumen formed by the 
extruded tube, from the distal end of the tube to 
the edge of the first sidewall aperture. The return 
lumen and the reinforcing member are exactly the 
same as In the catheter of FIGS. 24-28 described 

50 above. 

One particularly advantageous application for 
the kink-reslstant catheters of this invention Is an 
improved long-term implantation technique for the 
femoral vein. In contrast to the subclavian vein, the 

55 femoral vein Is readily accessible through the thigh 
and is well removed from critical organs such as 
the lungs and heart. Nevertheless, the femoral vein 
has not been a popular access site for 
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hemodialysis catheters because of the higher risk 
of infection below the inguinal canal. With the kink- 
reslstant catheters provided by the present inven- 
tion, however, the catheter can extend downwardly 
from a point above the inguinal ligament through a 6 
subcutaneous tunnel, and then bent upwardly for 
insertion into the femoral vein. This method is 
Illustrated In FIGS. 34-37. 

The method for inserting the multi-lumen cath- 
eter 10 comprises the following steps: a lateral io 
incision 120 of approximately a half inch is made 
percutaneously in the anterior abdominal wall. The 
Incision 120 is made approximately 2-3 inches 
cephalad to the inguinal ligament. The distal end of 
the catheter 10 is inserted through the incision 120 75 
by applying pressure on the proximal end of the 
catheter. The catheter is tunneled through the ab- 
dominal wall subcutaneously in a caudal direction 
toward the thigh. A second incision 121 of approxi- 
mately a half inch is made approximately 1 .75 inch 20 
below, that is, caudal to, the inguinal ligament. The 
catheter is pushed out of the body through the 
second incision 121 in the thigh at a distance of 
approximately 1 .75 inch caudal to the inguinal liga- 
ment. In approximately that same region, the fascia 25 
Is punctured with a percutaneous entry needle. The 
needle is introduced interiorly through the subcuta- 
neous layers into the femoral vein 122. A flexible 
guide wire is introduced through the needle and 
advanced approximately 5-10 cm into the vessel. 30 
The needle is then withdrawn. The puncture 
formed by the needle is dilated using a small 
plastic tip on the end of a dilator, telescoped inside 
a peel-apart sheath 123. The dilator is inserted a 
short distance into the blood vessel and then re- 35 
moved. The multi-lumen catheter 10 which has 
been extruded from the skin of the thigh, is then 
threaded onto the guide wire in a cephalad direc- 
tion and inserted interiorly through the sheath 123 
into the femoral vein, in the direction of blood flow 40 
within the vein. The sheath 123 is removed by 
stripping it apart along the two longitudinal tear 
lines, and the guide wire is pulled out. 

The catheter is then advanced in a cephalad 
direction until the loop protruding above the surface 45 
of the thigh is pulled beneath the skin. Both the 
incisions are then sutured, and the extension tubes 
of the catheters are connected to the dialysis cir- 
cuit for hemodialysis. 

In a further modified embodiment of the inven- 50 
tion, the reinforcing member inside the catheter 
also provides a kink-resistant multi-lumen catheter. 
The preferred reinforcing member for this purpose 
Is a T-shaped septum which resists kinking along a 
pair of mutually orthogonal transverse planes. 55 
Thus, in the embodiment of FIGS. 38-44, the sep- 
tum includes not only the diametral wall 12 but also 
a radial wall 130 which is perpendicular to the wall 



12. The radial wall 130 extends from the centerline 
of the diametral wall 12 along a radius of the 
catheter to the outer wall. The combination of the 
two walls 12 and 130 form three lumens 131. 132 
and 133. one of which has a D-shaped transverse 
cross section. The D-shaped lumen 131 extends all 
the way to the distal end of the catheter, while the 
other two lumens 132 and 133 terminate at dif- 
ferent locations spaced longitudinally away from 
the distal end of the catheter. Sidewall apertures 
134 and 135 open into the distal end of the lumen 
132, and a similar pair of apertures 136 and 137 
open into the distal end of the lumen 133. 

In the preferred embodiment illustrated in 
FIGS. 38-44, the walls 12 and 130 are extruded 
simultaneously with the cylindrical tubular portion 
of the catheter so that all the silicone portions of 
the catheter are formed as a single unitary struc- 
ture. Although the T-shaped septum is shown as 
solid silicone in FIG. 44. it will be understood that 
the T-shaped septum could be formed with a hol- 
low interior for receiving a T-shaped nylon reinforc- 
ing member to provide still additional stiffness to 
the catheter. 

The T-shaped septum also forms a triple- 
lumen catheter which is useful in certain critical- 
care applications where fluids are infused through 
one lumen (in this case the semi-circular lumen) 
while the other lumens are used for monitoring 
pressure, blood sampling, introducing medications 
and/or additional fluid infusions. 

Claims 

1. A multiple-lumen catheter for critical-care ap- 
plications comprising: 

an elongated cylindrical tube (10) having an 
interior defined by the circumferential inner 
surface of the tube (10); 
a first internal planar divider (12) integral with 
said tube (10) and extending along the entire 
length of said tube (10); and 
a second internal planar divider (130) extend- 
ing from said first planar divider (12) to said 
inner wall of said tube (10), said first divider 
(12) and said second divider (130) trisecting 
the interior of said tube (10) into a first lumen 
(131), a second lumen (132). and a third lumen 
(133), said first lumen (131) being defined by a 
portion of said inner wall of said tube (1 0) and 
said first internal planar divider (131). said sec- 
ond lumen (132), and said third lumen (133) 
each being defined by a portion of said inner 
wall of said tube (10), said first internal planar 
divider (12) and said second internal planar 
divider (130). said second lumen (132) having 
a shorter axial flow path than said first lumen 
(131) and said third lumen (133) having a shor- 
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ter axial flow path than said second lumen 
(132), the proximal end of said tube (10) being 
adapted to engage connecting means having a 
separate passageway for each lumen; 
at least one opening at the distal end of said 5 
first lumen (131); 

at least one opening (134,135) at the distal end 
of said second lumen (132); 
at least one opening (136.137) at the distal end 
of said third lumen (133) and longitudinally io 
spaced from the most distal of said at least 
one opening (134) at the distal end of said 
second lumen (132), and 
connecting means forming a separate pas- 
sageway for each of said first, second and 75 
third lumens (131,132.133). said connecting 
means being attached to said proximal end of 
said tube (10) with each of said separate pas- 
sageways in fluid flow communication with one 
of said lumens (1 31 ,1 32,1 33). 20 

2. The multiple-lumen catheter of claim 1, further 
comprising a hollow conical tip on the distal 
end of said tube (10), the outside surface of 

said conical tip merging smoothly with the 25 
outside surface of said tube (10). and the in- 
side surface of said conical tip merging 
smoothly with at least a portion of said inner 
wall. 

30 

3. The multiple-lumen catheter of claim 2 wherein 
said conical tip includes a solid portion extend- 
ing therefrom, said solid portion having a semi- 
circular transverse cross section at a point 
where said solid portion joins said tip. said 35 
solid portion tapering and splitting into a first 
plug member of predetermined length of plug- 
ging, said second lumen (132) and a second 

plug member of predetermined length for plug- 
ging said third lumen (133), said first plug 40 
member and said second plug member each 
tapering to a separate termination point, each 
said termination point having a quarter-circle- 
shaped transverse cross section. 

45 

4. The multiple-lumen catheter of claim 3 wherein 
said first plug member has a different pre- 
determined length than said second plug 
member. 

50 

5. The multiple-lumen catheter of claim 1 wherein 
said first internal planar divider (12) and said 
second internal planar divider (130) are per- 
pendicular to each other for dividing the inte- 
rior of said tube (10) into a first lumen (131) 55 
having a D-shaped transverse cross section, a 
second lumen (132) having a quarter-circle- 
shaped transverse cross section, and a third 



lumen (133) having a quarter-circle-shaped 
transverse cross section. 

6. The multiple-lumen catheter of claim 1 further 
comprising at least one aperture In the side 
wall of said tube opening into the first lumen 
(131). 

7. The multiple-lumen catheter of claim 1 wherein 
one of said dividers (12) extends diametrically 
across the interior of said tube (10). and the 
other of said dividers (130) extends from one 
side of said one divider to the opposed inside 
wall of said tube (10) so that said dividers 
(12,130) prevent said tube (10) from collapsing 
when the catheter is inserted. 

8. The multiple-lumen catheter of one of claims 1 
to 7, wherein said first and second internal 
planar dividers (12,130) are fomned by an in- 
tegral axial tri-flange septum. 

9. A method of using a triple-lumen catheter of 
one of claims 1 to 8, comprising the steps of: 
inserting the catheter Into a vein (122) of a 
patient: 

infusing a fluid into the vein (122) through the 
first lumen (131); and 

monitoring the hydrostatic pressure in the vein 
(122) through the second lumen (132). 

10. A method of using a triple-lumen catheter of 
one of claims 1 to 8, comprising the steps of: 
Inserting the catheter Into a vein (122) of a 
patient; 

infusing a first fluid into the vein (122) through 
the first lumen (131); 

monitoring the hydrostatic pressure in the vein 
(122) through the second lumen (132); and 
infusing a second fluid into the vein (122) 
through the third lumen (133). 

11. A method of using a triple-lumen catheter of 
one of claims 1 to 8, comprising the steps of: 
Inserting the catheter into a vein (122) of a 
patient; 

infusing a first fluid into the vein (122) through 
the first lumen (131); 

monitoring the hydrostatic pressure in the vein 
(122) through the second lumen (132); and 
injecting a medication into the vein (122) 
through the third lumen (133). 

12. A method of using a triple-lumen catheter of 
one of claims 1 to 8, comprising the steps of: 
inserting the catheter into a vein (122) of a 
patient; 

infusing a first fluid into the vein (122) through 
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the first lumen (131); 

monitoring the hydrostatic pressure in the vein 
(122) through the second lumen (132); and 
withdrawing blood from the vein (122) through 
the third lumen (133). 
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